Introduction
The 24-h hot water bath (24HHWB), which maintains a consistent temperature all day long with the use of recycled bath water, has been widely used in Japan in recent years. Most of the 24HHWBs purify the bath water through enzymatic activation by adhering microorganisms to carriers made of activated charcoal, granite porphyry, quartzite, ceramic, coral and other matrices. To decrease the number of hazardous bacteria as much as possible, the 24HHWBs are equipped with additional disinfecting systems, such as ultraviolet and ozone. Chlorination of the bath water has also been attempted. In spite of such technical improvements, Legionella pneumophila (Lp), which is a causative agent of Legionnaires' disease and Pontiac fever 1) , has been recently isolated from this apparatus 2) . This contamination has caused great public concern. Among more than 14 serogroups (SGs) of Lp, SG 1 is considered to be responsible for more than 80% of cases of legionellosis caused by Lp 3) . This tendency is also found in Japan 4) . In disagreement with such findings, SG 5 predominates among the SGs investigated in the 24HHWB water 2) . This implies that the mode of proliferation of legionellae in the 24HHWB water may be different from that in other environments.
We previously investigated the prevalence of anti-Lp serum antibodies in the 24HHWB users and non-users, and also analyzed the possible bio-psycho-socioecological factors that may be associated with Legionella infection 5) . As a result, we found that most of the antiLp antibody titers of the 24HHWB users were generally not higher than those of healthy Japanese subjects. The 24HHWB use was significantly associated with the prevalence rate of antibody titers ( 8) against Lp SG 5 and Lp SG 6. The use of 24HHWB, however, resulted in inapparent Legionella infection. Stress-related factors and lifestyles regarding bathing also seemed to contribute to the increase in antibody titers. No significant correlations were found retrospectively between the duration of 24HHWB use and the antibody titers. Although that study suggested that immunological sensitization may occur when healthy subjects are chronically exposed to legionellae, it still remains unclear whether longer use of a 24HHWB means higher onset risks of legionellosis.
The present study was carried out prospectively to investigate the possibility of legionellosis due to continuous use of a 24HHWB, and the changes in antiLp antibody titers in a year among both users and nonusers of 24HHWBs.
Materials and Methods
In our previous study 5) in 1997, 204 employees of two 24HHWB manufacturing and marketing corporations had their anti-Lp antibody titers measured. Participants in the present study were recruited from one of the two corporations (Showa Manufacturing Co., Ltd.). A total of 49 subjects (47 men and 2 women) out of 134 from the 1997 study consented to the present study in 1998. They ranged in age from 26 to 61 yr (mean ± S.D., 45.8 ± 9 . 4 ) . T h e r e w e r e n o s u b j e c t s w h o h a d immunosuppressing conditions. Their details were: 16 subjects, who use the 24HHWB (continuous users); 2 who had used the 24HHWB at the time of the previous study and stopped using it thereafter (canceled users); 2 who started using the 24HHWB during the one year interval (new users); 4 who had used the 24HHWB before the previous study (past users); 25 who had never used the 24HHWB (continuous non-users). The water recycling unit of the 24HHWB consisted of activated charcoal, filter gravel, and either coral or granite porphyry, and was equipped with an ultraviolet lamp. Three continuous users began to disinfect the bath water by using chlorine (0.9 g) every other day before the previous study. Another three continuous users had their 24HHWBs equipped with antibacterial material three months after the previous study and started to use chlorine (2.7 g) once a month (antibacterial material users). Based on the previous study 6) in which viable legionellae were undetectable within 15 min in a sodium hypochloride solution with 0.4 mg/l free chlorine, all of the chlorine users had a sufficient residual chlorine concentration ( 0.5 mg/l) at least 15 min after the use of chlorine.
The other continuous users made no modifications in the conditions of use between the two studies, and continued to use the same type of 24HHWB device.
Blood samples were obtained from these 49 subjects, and the anti-Lp antibody titers were measured by means of a microplate agglutination test, which was described in detail elsewhere 5) . The antigens were prepared from Lp SG 1 (ATCC 33152), SG 3 (ATCC 33155), SG 4 (ATCC 33156), SG 5 (ATCC 33216) and SG 6 (ATCC 33215). The agglutination reaction was observed after serial dilutions of each serum sample. Anti-Lp IgG antibody titers were also examined after treatment of the serum with 0.2 mol/l 2-mercaptoethanol (2ME)
Results
No clinical cases diagnosed as either Legionnaires' disease or Pontiac fever were found within one year among the 24HHWB users in the present study. The Table  1 shows the antibody titers at the time of the previous study and one year after, obtained from the 16 continuous users and 25 continuous non-users. The continuous users demonstrated no changes after one year in the prevalence rate of subjects who showed a positive response ( 8 of antibody titer) to the serogroups, but they had a significant increase in the distribution of antibody titers against Lp SG 6 one year later. The continuous non-users revealed a significantly increased prevalence rate of subjects with positive antibody response ( 8) and also a reliable increase in the distribution of antibody titers against Lp SG 6.
One of the canceled users had a change from positive to negative in the antibody response (1:8) to Lp SG 6. The other one, previously with a positive response (1:8) to Lp SG 5 and Lp SG 6, was found to be positive for Lp SG 5 (1:8) and Lp SG 6 (1:16). One of the new users showed a negative antibody response in both examinations. The remaining one, previously with positive responses (1:16) to Lp SG 1, Lp SG 3 and Lp SG 4, was negative for these serogroups, but was positive (1:8) for Lp SG 6. Among the past users, two were found to be negative in the antibody responses at both times. One changed from positive to negative in response (1:8) to Lp SG 6. The remaining one, who had been positive (1:256) for Lp SG 6, became more positive (1:512). Although the latter subject and two non-users of 24HHWB in the table had high titers ( 256) against Lp SG 6, they showed no symptoms of legionellosis. The anti-Lp IgG antibody titers were markedly decreased after treatment of the sera with 2ME. This tendency was noted with respect to Lp SG 5, because the anti-Lp IgG antibody titers ( 8) against Lp SG 5 were all negative.
Among the six subjects who used chlorine, four were found to be negative in the antibody response at both times, and two of these subjects used antibacterial material. For the other two subjects, one changed from positive to negative in the response (1:8) to Lp SG 6. The other one, an antibacterial material user, showed a decrease in the antibody response (from 1:128 to 1:64) to Lp SG 6.
Discussion
This one year follow-up study indicated that the continuous use of a 24HHWB did not cause a remarkable increase in the production of anti-Lp antibodies. Additionally, among the cases who newly started its use, ceased its use, or had used it previously, none showed any prescribed changes in the antibody titers, although the number of cases was small. In a longitudinal way, these results seem to confirm the conclusion of the previous study 5) that no significant relationship existed between the duration of 24HHWB use and the antibody titers. This implies that the risk of legionellosis is not likely to increase after starting to use a 24HHWB. In other words, the highest risk of legionellosis tends to occur when first contacting legionellae at high density. The well-known clinical feature 7, 8) that Legionnaires' disease is often associated with travel seems to support this speculation. The present study, however, revealed a tendency for the production of antibodies against Lp SG 6 and Lp SG 5, although not significant, to rise somewhat by one year later, irrespective of 24HHWB use. The continuous non-users, rather than the continuous users, appeared to show this tendency, particularly with regard to Lp SG 6. The titers of the anti-Lp SG 1 antibody among the 24HHWB users were almost unchanged in a year, and this seemed to support the view that the mode of proliferation of legionellae in the 24HHWB water differed from that in other environments. In a previous study 5) , we had referred to the possibility that the production of antibody against Lp SG 6 might increase in response to various factors other than 24HHWB use. Those identical factors are probably related to an increase in the production of antibody against Lp SG 6 or Lp SG 5 by one year later. Nevertheless, the number of subjects in this study is not large enough to analyze the factors associated with the changes in antibody titers in a year.
On the basis of the previous and present studies of the 24HHWBs manufactured by a corporation, this type of bath seems to have a low possibility of causing legionellosis in healthy subjects if used appropriately and maintained according to instructions. The use of chlorine or antibacterial material may be useful in preventing legionellosis. These findings might be affected by a possible selection bias: good communicators or those who previously had high antibody titers were more likely to participate in this study, because the number of subjects was smaller than in the previous study 5) . Nevertheless, there were no significant differences between participants and nonparticipants in this study in the prevalence rate of anti-Lp antibody titers ( 8) in 1997, irrespective of 24HHWB use. Willingness to participate in this study larger numbers of subjects or new users of 24HHWB, including users with different disinfecting devices, is required in order to examine the findings further.
